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See slides for key review articles



The Baeyer-Villager Oxidation/Rearrangement

o o 0

it RJLO'O"H (0
>

For a review, see: M. Renz, B. Meunier, Eur. J. Org. Chem. 1999, 737.



The Baeyer-Villager Oxidation/Rearrangement

o o 0
R™ -0 H 0

Mechanism:

R1>§>@
I:*1 RO3H ~ 0 0
R2>= 2 Y R1)LO'R2 ' eoJJ\R

o
Criegee intermediate

Alkyl group that migrates does so with retention of configuration

More electron-rich (most substituted) alkyl group migrates in preference

For a review, see: M. Renz, B. Meunier, Eur. J. Org. Chem. 1999, 737.



The Baeyer-Villager Oxidation/Rearrangement

CH,CO3H 0 9
3LUs o \f\J\ (88%)
25°C, 2h (0 [Baeyer- o)
o) Zf o) Villiger
© .
- - oxidation]

J. Meinwald and co-workers, J. Am. Chem. Soc. 1960, 82, 5235.
R. Noyori and co-workers, J. Org. Chem. 1982, 47, 902.



The Baeyer-Villager Oxidation/Rearrangement

CH,CO3H 0 9
3LUs 0. ~ J\ (88%)
25°C, 2h (0 [Baeyer- o)
O (?@ Villiger
- - oxidation]
H o H
Z TMSOOTMS O
S —— 0
BF 3 OE t 2
H (75-80%) H
[Baeyer-
Villiger
oxidation]

J. Meinwald and co-workers, J. Am. Chem. Soc. 1960, 82, 5235.
R. Noyori and co-workers, J. Org. Chem. 1982, 47, 902.



The Baeyer-Villager Oxidation/Rearrangement

0
n-OH N © [Nitrile oxide N-O
| Y 4 1,3-dipolar I\
Me 49 NaCIO,> Me cycloaddition]
CH,Cl,, 25°C (59%) Me
OTBDPS OTBDPS ~OTBDPS
Zn, AcOH, | ,nro
25 °cf?1 h i(s"‘ %)
OTES (o) o
DTS 1. meoH, Me mCPBA, Me
\ K,CO; ACOH, 25°C  ~ Nfuu \
(\ 2. TESCI; OH [Baeyer-Villiger

TMSCI oxidation]

MeO,C E
2 “OTBDPS  (74% overall) ~OTBDPS

~OTBDPS

T. Fukuyama and co-workers, J. Am. Chem. Soc. 1999, 121, 3791.
For a review, see Classics in Total Synthesis Il, Chapter 18.



The Baeyer-Villager Oxidation/Rearrangement

MsCl,
mCPBA L'A’H4 base
>
3% (73%) (80%)
I [Baeyer- O

Villiger
oxidation]

A. P. Marchand, V. S. Kumar, H. K. Hariprakasha, J. Org. Chem. 2001, 66, 2072.
F. W. Demnitz, C. Philippini, R. A. Raphael, J. Org. Chem. 1995, 60, 5114.



The Baeyer-Villager Oxidation/Rearrangement

MsCl,
mCPBA LiAIH, base
H H
(93%) (73%) (80%)
[Baeyer- O OH
o Villiger o HO
oxidation]

TFAA/

H,0, TFA
— —
[Baeyer- HO (80%)
Villiger
oxidation]

farnesiferol C

A. P. Marchand, V. S. Kumar, H. K. Hariprakasha, J. Org. Chem. 2001, 66, 2072.
F. W. Demnitz, C. Philippini, R. A. Raphael, J. Org. Chem. 1995, 60, 5114.



The Beckmann Rearrangement

G

Iy

e Versatile reaction to make lactams and amides

» Prepared starting from hydroxime, with many leaving groups possible

» Alkyl group that migrates does so with retention of configuration,
and is always anti to the oxime leaving group

E. Beckmann, Ber. Dtsch. Chem. Ges. 1886, 19, 988.



The Beckmann Rearrangement

conditions
NH

5

POCI;, pyridine 98% P
SOClI,, pyridine 90% 10%
20% aq. H,SO, 43% 57%
HCI/Et,0 5% 95%

Need to be careful about reaction conditions not isomerizing the oxime
derivative to achieve appropriate regiocontrol in the rearrangement




The Beckmann Rearrangement

~/ ./
. H2NOH HCI MsCl, Eth I N
MeOH A CH,CI,, = 4
(o) (89%) -25°C,1 h N
[Beckmann
rearrangement]
- I
Note selectivity @(j DIBAL-H ©\/l
in hydroxime ——————
formation N (73% over N
H two steps) H

N. S. Mani, M. Wu, Tetrahedron: Asymmetry 2000, 11, 4687.




The Beckmann Rearrangement

H,>NOH-HCI TsClI, Et;N
—
OTIPS MeOH, A OTIPS CHACI» OTIPS
(81%) A, 3h :
MeO OMe MeO OMe
[Beckmann
rearrangement] (74%)
Note selectivity N <
in hydroxime \ B S
formation ” OTIPS
ibogamine

J. D. White, Y. Choi, Org. Lett. 2000, 2, 2373.



The Hofmann Rearrangement

9 s 0 y FoH
base or
Jd o 2y I — & T NH or
R 'NH, R™~ "NHBr [Hofmann .N R
rearrange- R
ment]
Mechanism:

R group that migrates does so with retention of configuration,
and is always anti to the leaving group on nitrogen

A. W. Hofmann, Ber. 1881, 14, 2725; ibid. 1882, 15, 407, ibid. 1882, 15 762.



The Hofmann Rearrangement

oM
Olle PMPO _ J
PMPO_ PMPO Br,,
NaNH2, NaOMe,
(\ 0 MeOH 0
—
0 [Hofmann | HO
rearrange- ”
o) ment]
0 i
(93%)¢
OMe
HO PM PO
R =MOM o) ‘
@ -
—-—
MeO
" ™
(+)-cepharamine (0]

A. G. Schultz, A. Wang, J. Am. Chem. Soc. 1998, 120, 8259.




Mechanism:

The Curtius Rearrangement

('P? 9  Ho
PhO- 0 - 2
Pho Ns C  orROH
S e — > NH, or
(iopPa) R 3 [Curtius R* R
rearrange-
ment]

R group that migrates does so with retention of configuration,
and is always anti to the leaving group on nitrogen

T. Curtius, Ber. 1890, 23, 3023.
T. Curtius, J. Prakt. Chem. 1894, 50, 275.



OMe
TBSO

O H

The Curtius Rearrangement

OTBS

gt
MeO OH>

piperidine, AcOH,
toluene, 25°C, 18 h
(92%)

OMe

TBSO

pam o

BnO

OMe

OTBS
Rh[(COD)-(R,R)-
DIPAMPJ*BF,
H, (3 atm)

(100%, 96% ee)
[Asymmetric
hydrogenation]

OMe OMe
TBSO OTBS TBSO
O 2 0
DPPA, EtsN, | N. X
HO” N toluene, °N. (I? Z
70°C, 2h | @Y NV
O~ "OMe O~ OMe
[Curtius | _
rearrangement]¢ [N
OMe B OMe
TBSO OTBS TBSO
BnOH, BnOH
H 70°C, 1 h \ (-‘
"O\H/N Z (89%) N 2
0 ok
(0) OMe 0o OMe

E. J. Corey, D. Y. Gin, R. A. Kania, J. Am. Chem. Soc. 1996, 118, 9202.

OTBS

OTBS




The Curtius Rearrangement

— 9 —
O OH C OH
OBn  DPPA, EtN, N OBn
HO toluene, A
[Curtius
rearrangement]
OMe OMe
¢(68%)
o (0
Yo o
HN OH HN OBn
H,, Pd/C
OMe OMe

(-)-cytoxazone

M. Carda, F. Gonzalez, R. Sanchez, J. A. Marco, Tetrahedron: Asymmetry 2002, 13, 1005.



The Curtius Rearrangement

DPPA, Et;N,
OMe benzene, A; B
LiOH in
THF/H ,0
(86%)
[Curtius
rearrangement]

MeO

streptonigrone

D. L. Boger, K. C. Cassidy, S. Nakahara, J. Am. Chem. Soc. 1993, 115, 10733.
D. L. Boger, S. R. Duff, J. S. Panek, M. Yasuda, J. Org. Chem. 1985, 50, 5789.



The Curtius Rearrangement

DPPA, Et;N,
OMe benzene, A; B
LiOH in
THF/H ,0
(86%)
[Curtius
rearrangement]

MeO

MeO
streptonigrone

MeO,C N\ CO,Me DPPA, Et;N, MeO,C N\ CO,Me
| benzene, A; |
HO,C Z Me H,O/benzene H,N Z Me
Br (72%) Br

[Curtius
rearrangement]

lavendamycin

D. L. Boger, K. C. Cassidy, S. Nakahara, J. Am. Chem. Soc. 1993, 115, 10733.
D. L. Boger, S. R. Duff, J. S. Panek, M. Yasuda, J. Org. Chem. 1985, 50, 5789.



The Schmidt Reaction

General name for three individual reactions

1) Conversion of ketones into amides

i @'E'
0 HN © Ne w0 ./‘
> O HN 2
RJ\R RXR JL)
R } R
¢ e
(o) -.R .R
_ HN N
J R =S B |
’J*o )\0H2

®

Most studied; similar to Beckmann rearrangement with similar
migratory aptitude in the vast majority of cases

K. F. Schmidt, Angew. Chem. 1923, 36, 511.



The Schmidt Reaction

NaN3, (0]
Bn MeSO;H NH
COaFt ) Bn
(>95% ee) ."COZEt

G. Georg and co-workers, Bioorg. Med. Chem. Lett. 1991, 1, 125
A. G. Schultz and co-workers, J. Med. Chem. 1996, 39, 1956.
B. T. Smith, J. A. Wendt, J. Aube, Org Lett. 2002, 4, 2577.



The Schmidt Reaction

NaN,, o
Bn MeSO;H NH
C02Et (8-:):%) . Bn
(>95% ee) ‘CO,Et
HO
MeO NaN, MeO

H 50,

OMe
OMe CF3COzH OMe . Me
Me 25°C, 30 min, M€ > N
65°C, 4 h NH ‘Me
(88%) o analog of morphine

G. Georg and co-workers, Bioorg. Med. Chem. Lett. 1991, 1, 125
A. G. Schultz and co-workers, J. Med. Chem. 1996, 39, 1956.
B. T. Smith, J. A. Wendt, J. Aube, Org Lett. 2002, 4, 2577.



The Schmidt Reaction

NaN,, 0
Bn MeSO;H NH
C02Et (83%) Bn
(>95% ee) ."COZEt
HO
MeO NaN, MeO
H 0,
OMe
OMe CF3sCOH OMe _ Me
Me 250C, 30 min, Ve > N
o 65°C, 4 h NH ‘Me
(88%) o analog of morphine
o)
0 TiCl; W 0
Nj H,0 HN — 3 KN A
———» e
o (62%) N
O\J 0

(+)-sparteine

G. Georg and co-workers, Bioorg. Med. Chem. Lett. 1991, 1, 125
A. G. Schultz and co-workers, J. Med. Chem. 1996, 39, 1956.
B. T. Smith, J. A. Wendt, J. Aube, Org Lett. 2002, 4, 2577.



Hoffmann-LaRoche Total Syntheses of Quinine (1970s)

NaN;, PPA,
120 °C, 30 min
(63%)

(5:1 mixture
N of regioisomers) N,
[Schmidt
rearrangement]

H,, Rh/AI,O;
(98%)

PPA = polyphosphoric acid

M.R. Uskokovic and co-workers, J. Am. Chem. Soc. 1978, 100, 581 and 589
and references cited therein



Hoffmann-LaRoche Total Syntheses of Quinine (1970s)

NaN;, PPA,
120 °C, 30 min
(63%)

(5:1 mixture
N of regioisomers) N,
[Schmidt
rearrangement]

H,, Rh/AI,O;
(98%)

PPA = polyphosphoric acid

" ..after ca. 10 seconds, a
relatively violent reaction neat,
occurred which was accompanied 41 25°C, 1h
by a dense cloud of white smoke
and change in color from the
characteristic yellow-green of the
starting material to a dark brown."

M.R. Uskokovic and co-workers, J. Am. Chem. Soc. 1978, 100, 581 and 589
and references cited therein



Hoffmann-LaRoche Total Syntheses of Quinine (1970s)

NaN;, PPA,
120 °C, 30 min H,, Rh/Al,04
(63%) (98%)
(5:1 mixture
Ez of regioisomers) gz
[Schmidt
rearrangement]
O,

PPA = polyphosphoric acid N20, ¢ (100%)

i ] i

(o) r /N

N
neat,
125°C, 1 h H.,|

-

M.R. Uskokovic and co-workers, J. Am. Chem. Soc. 1978, 100, 581 and 589
and references cited therein



The Schmidt Reaction

General name for three individual reactions

2) Conversion of carboxylic acids into amines

o) H,0
11
JOL HN; C or ROH NH, 4 H OR
— Il\i —>» R R \n/
R OH HA cat. R’ 5
[Schmidt
reaction]

Acid catalyst usually is H,SO,, PPA, TFA/TFAA, or a Lewis acid
Especially good for cases where R is hindered
Harsher conditions than Curtius/Hofmann rearrangements, but done in fewer steps

K. F. Schmidt, Angew. Chem. 1923, 36, 511.




The Schmidt Reaction

General name for three individual reactions

2) Conversion of carboxylic acids into amines

o) H,0
O 11
L HN; C or ROH NH, H OR
— Il\ll —>» R R \n/
R OH HA cat. R’ o
[Schmidt
reaction]
-H,0
Mechanism for process

o) ® o) is not fully elucidated/agreed
upon by the community

I — JI\N3

Acid catalyst usually is H,SO,, PPA, TFA/TFAA, or a Lewis acid
Especially good for cases where R is hindered
Harsher conditions than Curtius/Hofmann rearrangements, but done in fewer steps

K. F. Schmidt, Angew. Chem. 1923, 36, 511.




The Schmidt Reaction

General name for three individual reactions

3) Conversion of aldehydes into nitriles

o HN
R™H HA cat. R
[Schmidt
reaction]
mechanism?

K. F. Schmidt, Angew. Chem. 1923, 36, 511.



The Schmidt Reaction

General name for three individual reactions

3) Conversion of aldehydes into nitriles

O HN
R™H HA cat. R
[Schmidt
reaction]
mechanism?
o)
| N CN
| S @\_l[ Elmorsy and co-workers,
N Br SiCl, N Br Tetrahedron Lett, 1995, 36, 2639.
H (50%) H

Particularly effective for aromatic aldehydes
Schmidt rearrangement is the usual by-product
What would be a more common, two step way to do the same thing?

K. F. Schmidt, Angew. Chem. 1923, 36, 511.



The Pummerer Rearrangement

Original discovery (1909)

0
HA CO.H
S__COH — 23 .82 COH [ 5 pp-SH Q2
Ph”~ Ph™ Y~ |
Hz0 Con o

R. Pummerer, Ber. 1909, 42, 2282.
For a review, see: A. Padwa, D. E. Gunn, M. H. Osterhout, Synthesis 1997, 1353.



The Pummerer Rearrangement

Original discovery (1909)

0]
HA CO.H
Con 0

Ph

Pummerer Rearrangement (Modern version)

(0 activating o ®

S R agent _S @ _R; R.”

rr SR e RS YT e R — g S L Oy
R, R, R» R,

Activating agents: HCI, H,SO,, Ac,0, TFAA, TMSX, PCl;, Sn(OTf),
Nucleophile: OH, OR, OAr, acids, halogens, thiols, amines

R. Pummerer, Ber. 1909, 42, 2282.
For a review, see: A. Padwa, D. E. Gunn, M. H. Osterhout, Synthesis 1997, 1353.



The Pummerer Rearrangement

Mechanism:



The Pummerer Rearrangement

Me 1. (COCI),, CHCl; Mente
OJ(Me CH,N,, Et,0 QJ(
i .0 o SEt 2. PhCOAg, A0 055
0. -BuOH, 50°C__ CsHo Lg:o
[Arndt-Eistert ==¢C0Me
homologation] CgHis" :
t'BUOzC -
1. mCPBA
) [Pummerer
2. TFAA, i-ProNEt, | Loarrangement]
toluene, 0 °C

CgHqs™

HoOC — CgHis™ ;
(-)-CP-263,114 t-BuO,C—

N. Waizumi, T. Itoh, T. Fukuyama, J. Am. Chem. Soc. 2000, 122, 7825.



The Pummerer Rearrangement

.Ph
Ac,0, S
NaOAc; OTBSAcO,
then H,0 {_ OH
[Pummerer
rearrangement]
| TBDPSO _
(37%)¢
o)
OTBS OTBSAcO ,=0
- OMOM
/ . ‘ .
————

.
.
.
.
4

TBDPSO TBDPSO

W. R. Roush, C. Limberakis, R. K. Kunz, D. A. Barda, Org. Lett. 2002, 4, 1543.



The Pummerer Rearrangement

o
g
Ph™> 1N TFAA, TFA,
80°C, 2h
| H >
h
COzMe

hv
—~———
(64% over
two steps
H  come Ps)
deethylibophyllidine

N\ 7

I ulullzlg
rearrange-
ment]

Raney Ni
—~————

I
COzMe

(63%)¢

Pn-S~

.
.

Y

\
/

J. Bonjoch, J. Catena, N. Valls, J. Org. Chem. 1996, 61, 7106.




The Pummerer Rearrangement

00 O

‘s—pn TMSOTH, S—Ph
p TMSNELt, TBAF
\\ [Pummerert" OTMS (69%;1
OMe rearrange- overall)

ment]

H. Hagiwara and co-workers, J. Org. Chem. 2002, 67, 5969.

solanopyrone D



[2,3]-Sigmatropic Rearrangements

M. Julia, Tetrahedron Lett. 1974, 2077.

_@
K _Basel Y\ KCN on —
C« RN % N ©

(V) rearrange-
ment]



[2,3]-Sigmatropic Rearrangements

M. Julia, Tetrahedron Lett. 1974, 2077.

O
K _Base, i\ KCN on —
Q [23— N O ~ O

4 rearrange-
ment]

D. A. Evans, Acc. Chem. Res. 1974, 7, 147.

@ @3 = O g

rearrange
ment]



[2,3]-Sigmatropic Rearrangements

W. C. Still, J. Am. Chem. Soc. 1978, 100, 1927.

YRS
OH 1”>SnBu; O~ “SnBu, _Bu,_,

R
> O@
R base R [2 3- NS
rearrange-

ment]



[2,3]-Sigmatropic Rearrangements

W. C. Still, J. Am. Chem. Soc. 1978, 100, 1927.

0] | /\SnBu3 0~ SnBu, -BULI
R J\( base R [2 3-
rearrange-

ment]

E. Vedejs, J. Am. Chem. Soc. 1975, 97, 6878.

Br
base (55%)
[2 3-
H rearrange-
ment]

R
Iﬁ/\/oe



The Sommelet-Hauser Rearrangement

Sommelet (1937)
Z P heat
X g ~ (145°C)
[21 3-
rearrange-
ment]

M. Sommelet, Compt. Rend. 1937, 205, 56.

[rearoma-

tization] O

S. W. Kantor, C. R. Hauser, J. Am. Chem. Soc. 1951, 73, 4122.



The Sommelet-Hauser Rearrangement

Sommelet (1937)
7
=z | _ heat = 'il 'il
N \ 145 °C NN
o ( ) —
[2,3- [rearoma-
rearrange- tization]
ment]
Hauser (1951)
NaNH ,,
@\/ s @i "
H
7
N © [2,3- |
©) | rearrange-
ment]

M. Sommelet, Compt. Rend. 1937, 205, 56.
S. W. Kantor, C. R. Hauser, J. Am. Chem. Soc. 1951, 73, 4122.



The Sommelet-Hauser Rearrangement

COMe Cu\ne N_ _CO,Me
N | A
Me 7
— NC Me
[273' BnO
rearrange-
ment]
MeO
— MeO
oxalic acid,
H20
Me \\| COZMe
N
HO |
NC Z Me
—~—— BnO
(35%
overall)
MeO
. I_VIeO MeO
streptonigrin - _

S. M. Weinreb and co-workers, J. Am. Chem. Soc. 1982, 104, 536.



The Sommelet-Hauser Rearrangement

Me Me ]
PhS __N
o ®
OMe
[2,3-
rearrange-
ment] MeO
Me —
.. | (27%
aqueous ac:d¢ overall)

Me
juncusol

D. L. Boger, M. D. Mullican, J. Org. Chem. 1984, 49, 4045.



